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Thh invention relates to nucleic acid chemistry and to methods for detecting 
particular nucleic acid sequences. More specifically, the invention relates to a method for 
immobilizing DNA and RNA probes, stable assay reagents comprising the immobilized 
5 probes, and hybridization assays conducted with these immobilized proles; The invention 

has applications in the fields of medical diagnostics, medical microbiology^ forensic 
science, environmental monitoring of microorganisms, food and drug quality assurance, 
and molecular biology, ; 
... . Investigational mi(TObiolo^cal techmques have been ap 

10 V For example, Wilson a ^ No. 4,395,486 discloses a method for detecting- 

sickle cell anemia by restriction fragment length polymorphism (RFUP). NViison £i ai. 
identified a restriction enzyme capable of cleaving a normal globin gene but incapable of " 
cleaving the mutated (sickle cell) gene. As sickle cell anemia arises from a point mutation, 
, : the method is effective but requires 10 to 20 ml of blood or amniotic fluid;- 

15 Various infectious diseases can be diagnosed by the presence in clinical samples of 

specific DNA sequences characteristic of the causative microorganism or infectious agent - 
Pathogenic agents include certain bacteria, such as Salmonella. Chlamydia^ and Neisseria : 
viruses, such as the hepatitis, HTLV, and HI V viruses; and protozoans, such as 
Pl^mpdiym, responsible for malaria, U.S. Patent No. 4,358,535 issued to Falkbw £t gl. 

20 describes the use of specific DNA hybridization probes for the diagnosis of infectious - 

diseases. The Falko w & £l. method for detecting pathogens involves spotting a sample 
(e.g., blood, cells, saliva, etc.) on a filtbr (e.g., nitrocellulose), lysing the ceHs, and fixing 
the DNA through chemical deriaturation and heating. Then, labeled DNA probes are added 
and allowed to hybridize with the fixed sample DNA, and hytni 

25 presence of the pathogen DNA, A problem inherent in the Faikow £j & ""prpc'edM^ is 

insensitivity; the procedure does not wbrk_well when very few pathogenic organisms are 
present in a clinical sample from an infected patient or when the DNA to be detected 
constitutes only a very smali fraction of the total DNA in the sample. Falkow £i ^ do 
teach that the sample DNA may be amplified by culturing the cells or organisms in place on 

30 ' the filter. 

Routine clinical use of DNA probes for the diagnosis of infectious diseases would 
be simplified considerably if non-radioacrively labeled probes could be employed as 
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described in EP 63,879 to Ward. In the Ward procedure, horseradish peroxidase (HRP) 
labeled DNA probes arc detected by a chromogenic reaction similar to ELISA. The Ward 
detection methods and reagents arc convenient but . relatively insensitive, again because the 
specific sequence that must be detected is usually present in extremely small quantities. 

- A significan t improvement in DNA amplification, the jx>lymerase chain reaction 
(PGR) technique, was disclosed by Mullis in U.S. Patent No. 4,683,202, and detection 
methods utilizing PCR are disclosed by Mullis & in U.S. Patent No. 4,683,195. In the 
PGR technique, short oligonucleotide primers arc prepared which match opposite ends of a 
sequence to be amplified. The sequence between the primers need not be known. A 
sample of DNA or RNA is ex traaed and denatured, preferably by heat. Then, 
oligonucleotide primers are added in molar excess, along with dNTPs and a polymerase, I. 
preferably Taq polymerase, which is stable to heat and commercially available from Perkin- 
Elmer/Cetus Insmimehts. DNA ^iymerase is "primc^Kli^ected, , ' in that replication initiates 
at the two primer annealing sites/ Trie "DNA is repiicjited, and !hen again den stured. 

This replication results in two • long pixxJucts, M which begin with the respective 
primers, and the two original strands (per duplex DNA molecule). The products are called ; 
"long products," only because there is no defined point of termination of the synthesized 
strand. The reaction mixture is then returned to polymerizing conditions (e.g., by lowering 
the temperature, inactivating a denaturing agent, and, if necessary, adding mord 
polymerase), and a second cycle initiated; The second cycle provides the two original 
strands, the two long pnxiucts from cycle bj|e, two new long products (replicated from the 
original strands), and two "short products" replicated from the iohg products produced in 
cycle one. The products are called "short products," because these strands must terminate 
at the 5' end of the "long product" template - \ht end defined by the primer that initiated 
s>7ithcsis of the long product. / The shon products contain the sequence of the target 
sequence (sense or anri sense) with a "primer at one end and a sequence complementary to a 
primier at the other end On each additional cycle, an additional two long products are 
produced, and a number of short produets,-cqual to-thc number of long and short products ; 
remaining at the end of the previous cycle* are also produced. Thus, the number of shon 
products can double with each cycle. This exponential amplification of a specific target 
sequence allows the detection of extremely small quantities of DNA, 

The PCR process has revolutionized and revitalized the nucleic acid based medical 
diagnostics industry. Because the present invention provides reagents that will often be 
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utilized in conjunction with PCR, some iadditidnal background information oh PCR may be 
/ : : heipfullThe PGR process can be used to amplify any nucleic acid, including single or 

double-stranded DNA or RNA (such as messenger RNA); nucleic. acids produced from a 
previous amplification reaction; DNA-RNA Hybrids^ or a mixture of any of these nucleic 
: acids. If the original or. target nucleic add containing the sequence 
5 is single stranded, its complement is sy rithesized by adding one or more primers, 

nucleotides, and a polyTnenLse; for RNA; this polymerase is reverse transcriptase. * ; - .... 
The PCR process is useful not only fbr pnwucing large amount of one specific 
; nucleic add sequence, but. also for amph 

specific nucleic acid sequence located on the same or different nucleic add molecules. ; . 
10 When one desires to produce more than one specific nucleic add sequence in PGR, the, 

; ; appropriate number of different oligonucleotide primers are utilized. For example, if t wo 
different specific nucleic ad^^ produced, ; four primers can be utilized: 
. two for ea6h specific nucleic aa 

• Y ;^o.'Thef specific nucleic acid seqiience amp by PCR can be only a fraction of a 
15 larger molecule or can be present initially as a discrete molecule,^ ^ j* 1 ** the specific j; 

sequence amplified constitutes the entire nucleic arid. In addition, the sequence amplified 
- \ ~ by PCR can be; present initially iriiri; impure form or can be a minor fraction of a complex 
mixture, such as a port 

constitutes only a very minor fraction 6f a particular biolopcal sample. The nuck or 
20 acids to be arriplified may be obtained from plasmids ; siich as pBR322, from cloned DNA 

or RNA, or from natural DNA" or RNA from sources such as bacteria, yeast, viruses, and 
higher organisms; such as plants or animals. DN^ 

tissue material such as chorionic villi or amniotic cells ."by a variety of techniques, including 
the well known technique bjf pro common for ;V - 

25 preparation of nucleic acid for restriction enzyme digestion. In addition^ suitable nucleic; 

acid preparation techniques ^re described in Martians ct-aL Molecular Cloning: A 
Laboratory Manual (New York. Cold Spring Harbor Laboratory, 1982), pp. 280:281; 
U.S. Patent Nos. 4,(583,195 and 4,683,202; EP 258,017; and Saiki a al, 1985, , 
Biotechnology 3:1008-1012. 

30 Any specific nucleic acid sequence can be produced by the PCR process. It is only 

necessary that a sufficient liiimber of bases ?.t both ends'of the sequence be known in 
sufficient detail so that two oligonucleotide primers can be prepared which will hybridize to 
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^ diffcrreht strands of thedesired sequence at relative positions along the sequence such that 
: - / product synthesized from one primer, when it is separated from its template 

(complement), can serve as a tcrr^late for extension of the other primer. Inc greater the ^ 
: ^ knowledge about the b^ses at toth ends of the sequence, the greater can be the specificity 
of the; primers for ihe target nucleic acid sc^uenc the greater the probability that 

■■■; v ,-..5 ;, - the process wiU specifically amplify the target : ■ j 

The specific ampl^cd nucleic acid s^uence produced by PCR is produced from a 
nucldp acid containing that sequence and called a template or /WgcL" If the target nucleic 
: ; add contains two strands, the strands are separated before they arc used as templates, either 
- . : : in a separate step or simultaneously^ products. 

10 TTiis strandseparation ciuv accomplish^ by airiy suitable denamrin^ method, including 

: /c'-physicd.-^hemical; or enzymatic means;; One physical method of separating the nucleic 

acid strands involves heating the 
: ; . Typical heat denaturatiori involves tefe 

■v ; :;TM^g.fxprn about Tsecorid tc^ by a 

15 ^ ' ; hclicasc enzyme, or an enzyrne capable of exhibiting helicaie activity, e.g., the enzyme 
: : - _RecA» which has hclicase actiyity^and in the presence of riboATP is known to denature 
v DNA:; The reaction conditions suitable ^ of nucleic idds with 

heH Harbor Symposia oh Qua^ Vol. 

• '•DNA: Replication ajid jRec (New York, Gold opring Harbor 

20 Lalw and techniques for using 

RccA are reviewed in Radding> 1982/Ahn/Rev. Genetics 16:405-437. • ••• 

• ^ lcn ^ e complementary strands of the nucleic acid or acids are se:paratech, whether 
• the nucleic acid was; originally ^ dbuble or single straiided, ^ ire ready to be used as 

. a template for the synthesis of ^ditipnal nucleic acid strands, The amplification reaction is 
; 25 generally conducted in a buffered aqiieou^ at a pH oi l to 9 (all pH 

values herein are at rooni tcr^perat^ about pH 8. 

excess (for cloned nucleic aci^^ for genomic 

nucleic acid, usually abburlOf*: I primentemplate) of the two oligonucleotide primers is 
added to the buffer containing the separated temple amount of 

30 complementary strand may not be known; however, in many applications* so that the 

ambuht of primer relative to the amount of complementary strand may . not be determinable 
with certainty. 
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The dc^xyribonucldoside triphosphates dATP, dCTP, dQTP, and dTTP arc also 
.added to the resulting solution is heated to about 

9(M00°C for abput 1 to 10 minutes, preferably from 1 t6 4 minutes. If the target nucleic 
aridfqi^ 

is also employed; as is known in the art; to avoid the potential; problems such secondary 
5 structure can cause: After heating, the solution is allowed to.cool to room temperature; 

preferred for primer hybridization. To the cooled mixture is added a poiyircrization agenu 
and the; polymerization reaction is conducted under «>riditidhs l^owh in the art* This- 
synthesis reaction may occur at temperatures primarily defined by the polymerization agent. 
Thusyfor example,; if E. coli DNA polymerase is used as a polymerizing agent, the, 
10 v niaximum temperature for polymerization is/generally hb greater than about ^°C/ : Most 

conveniently^ t^e reaction t^ing E: coli polymerase qc curs at room temp6rarure; For mbs.t 
: PCR applications^ 

X higher tempera^ ■ 

; # ; ; Nevertheless, the pojyiTierization agent for PCR may be any compound or system, 
15 : including en to accomplish the synthesis of piWer extension 

products from nucleotide, triphosphates.' Suitable enzymes for this purpose include : ; for 
^ example, E; coli DNA polymerase I, Klenow fragment of E; : coli DNA polymerase I, T4 
DNA polymerase, otte^ DNA polymerases, reverse trans^ in the first 

cyde of PCR if the target is RNA)rand other enzymes, including heat-stable enzymes such 
20 asTaq polymerase, which ^ nucleotides in the proper 

~ mariner to form the primer extension products which are complementary t6 a target nucleic" 
acid strand. Generally, synthesis will be initiated at the 3' endof each primer and proceed 
, in the 5* direction along the template strands until sy^ be 

agents, however/ w the; 5* end arid jprcxeed in the other directibn, 

25 1 arijd then: setnris no Teason such agents could hot also be used as polymerization agents in 
- ■ ■"" pab \\-- ;^ \ . ' ; ' V y \ /' ' \ :''■'::[";■. " " V'-"' V, ' 

; The newly synthesized strand in PCR is base paired to a complementary nucleic 

acid strand tp form a double-stranded molecule/ which in turn is used in the succeeding 
steps of the PGR process. In the next step, the strands of the double-stranded molecule are 
30 separated to provide single-stranded modules on wW is synthesized. 

Additional polymerization agent, nucleotides, arid primers may be added if necessary for 
the reaction to proceed. The PGR steps of strand separation and extension product 
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synthesis can be repeated as often as needed to produce the desired quantity of the specific 
• nucleic add •sajuence.V;^: \ : -,!-^y: t ..r^r-v. ■■^"r : , - ■■ 

; - , As noted above* PGR has revolutionized the nucleic add based diagnostics 
industry. European Patent Office Publication 237,362, incorporated herein by reference, 
discloses assay mcthbds'ernployin^ PCR. In EP 237,362^ rcR-amplificd DNA is fixed to 
a filter and then treated with a prehybridization solution containing SDS, FicoU* scrum 
albumin, ind various s^Its, : ;A' specific oligonucleotide probe (of e.g.; 16 to 19 nucleotides) 
is then added and allowed (6 hybri Preferably, the probe is labeled to allow for 
detection of hybridized probes. EP 237,362 also describes a Reverse dor blot, in which 
the probe, instead of the amplifiedl DNA, is fixed to the mcnibiuiiCv • : ^ 

: ;/ > :: T^ has enabled the det^tioh piF specific DNA . 

sequences initially present minute (<1 ng) quantities. For exaimpid, Higuchi £i ^l., 

1988, HaM5 2^ the chai^terization of genetic variation between 

i hdi vid u als biased <> h scat! pi cs bbn t ai ni n g; only a single hair^vDN was i^lated from the 
hair by digestion tod extHctipn and theri treated under PCR cdhd^ to obtain • 
amplifications ^ Specific nucleotide v by either fragment length 

pplynrorphi^ to Si^uence-spedfic oUgpnuciiebtide (SSO) 

probes (a tech^iqii^ ;al$p described in Saiki a ai;> 1986, Nature 324: 163^166V or by direct 
sequencing via the dideoxy ^rhethcrf (using amplified DNA rather than cloned DNA). 
Because PCR results in the^plicatiqn of a DNA sequence positioned between two 
primers, insertions and deletions between the primer sequences result in product sequences 
of different lengths; which can be detected by sizing the product in PCR-FLP. In SSO 
hybridization, the ampIified^DNA can be fixed to a nylon filter by UV irradiatipri in a series 
pf "dot blots*' and, in one variation .'of tfie technique; then allowed io hybridize with an 
oligonucleotide probe labeled with HRP under stringent /c6riditibnsi;^^tcfcxcesi probe is 
ntr^oved by washing, 3, %\ 5, 5Vteu^ethylbenzidinc (TMB) and H2O2 are added: HRP 
catalyzes H2O2 oxidation of TM B to a blue precipitate, the presence of .which indicates 
hybridized probe. U:S; Patent No. 4,789,630, incorporated herein by reference, describes 
protocols and TMB compounds useful for purposes of the present invention. One may 
alternatively use one of the other leuco dyes (such as a red leuco dye developed by DuPont 
and licensed to Kodak) to ihdiqate the presence of HRP. However, any chromogen that 
develops predpitable color or fluorescence as a consequence of peroxidatic activity can be 
used to detect HRP-labcled reagents. In fact, any enzyme can be used to label; so long as 
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there exists a colorless substrate which forms a colored or fluorescent product as a result of 
enzyme activity arid the product can be captured on a solid supjport. Separate dot blot 
hybridizations are pcrfonned for ^ each allele tested: ~~~ .. '- v '" 

; Churth ^kl^v^ a 
method for genomic sequencing which comprised cross-linking restriction enzyme-digested 
genomic DNA fragments to nylon membranes using UV irradiation, and probing the bound 
fragments with comparatively long (100-200 bp) DNA probes. Church & 3J; also discloses 
that NTPs dried onto nylon membranes and UV irradiated at 0,16 KJ/m2 for two minutes 
are bound more stably (i.e., TTP = 1 30x, dGTP = 30x, dCIP = 20x, and dATP - lOx) 
than non-U V irradiated nucleotides. Primary amnio groups are highly reactive with 254 
nrn light-activated thymine (s^ this 
reactivity is believed to belhe mechanism by which nucleotides becoTrne covalehdy bound 
to a membrane. / . / ' V 

\ by first 

denaturing and immobilizing the sample DNA on a nylon ct nitrocellulose membrane. The 
meipbrane js then treated v/ith short ( 1 5-20 base) oligonucleotides under stringent 
hybridization conditions;^ in cases of exact cornplemehtarity. A 

large number of hyb^dizations m is examined for the 

presence of many different sequences. For example, a test for the most common genetic 
mutations that lead to beta- thalassemia in Mediterranean populations would in volve 12 
: probes and require 12 separate hybndizations, accomplished either by probing one filter 12 
times or by conducting simultaneous hybridizations on 12 replicate filters (or some - 
combination thereof). A DNA- based HJLA typing test can require 20 to 50 probes and - 
hybridizations, a prohibitive e if one uses the prior an methods that require either 
splitting the sample into as many portions as there are probes or blotting the sample 
foHowcd by probing with a single probe and then removing the probe, a process that must 
be_repeated for each probe tested. . 

In traditional nucleic acid detection by oligomer hybridization, the DNA in the test 
sample, including the hybridization target, is noncovalently chemisorbed onto a solid 
support such as nitrocellulose or nylon and then hybridized to a labeled target- specific 
probe which, except in the SSO methodology just described, usually contains hundreds to 
thousands of nucleotides and is made biOsynthcticaUy. This method suffers from multiple 
deficiencies. The nqncovalem target capture generally is weak enough that considerable 
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• target may be washed from the solid support during detection (see, for example, Gingeras 

Acids Research 14:9943-9954),: Target chemisorption reduces the reactivity of the target 
sequence toward hybridization with probe/ The capture and hybridization processes 
normally take many hours to reach completion/ The need to cherriisorb the tkrget 
5 , immediately before detection prevents the tiianufacture of a storage-stable capture reagent 

with biiiltin target specificity that can be applied rapidly to test samples; The sequence non- 
specificity of capture complicates the examination of a single test sample with more than 
oneprobe: eitheralpt of test sample must be available to lbad different solid supports to 
incubate with the various probes or a lot of time must be consumed in serial pro 

10 singly immobilized test sam^ • 

: -; Ranki et al... 1983. Gene 21 :77-85. improve on the traditional technology hy 
creating a sequence-specific capture reagent^ capturing the/target sequence from the test 
; ; sample by target 
; with ai second, label<^; ^equence-sped nucleic acid probe However, their technology 

1 5 ; still suffers from multiple deficits. The sequenccVspccific captture probe is immobilized by 
chemisorptioni so that the assay still is vulnerable to signal ahenuatioa desoiption of 
both capture probe and probe- 1^ incubations and washes. 

Chemisorption reduces probe reactivity, requiring; long incubation times to maximize 
capture efficiency. Two nucleic acid probes must be manufactured insteiid of one. ^The 

20 - capture and detection probes of Ranki £ial. are so large that they must be prepared by 

biosynthctic instead of much cheaper chenucal synthetic routes. A small capture probe 
would not be immobilized efficiently by chemisorption. 

. Giogeras& further on DNA probe technology by 

•-, covalently attaching relatively short, chcmicaliy synthesized, oligonu 
25 , probes to. a solid support, dramatically redu However/direct 

coupling of the t^ct-spccific sequence to the support risli reduced rc^tivity caused b^ 
stcric occlusion by. the support. Furtiiennore, the methed 

detecting c^pmred DNA ap^ from of radioactive label into the target, a 

procedure which is relatively hazaixious and inconvenienL Finally, the beaded solid 
30 support of Gingeras & al. is hard to adapt to assays in which multiple targets are probed, 

because the test sample must be expend to separate containers of beads carrying the 
different probes, taking care hot to mix beads with different specifications. 
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Gamper £t ah. supra , describe a different strategy to accelerate oligomer 
hybridization: j^llgQ hy^dizatipri is performed in solution rather than on a stolid support, 
the hybrid species being simultaneously phpt^ 

specific oligomer has beiri chemically modified with a moiety which crosslinks double- 
stranded DNA when irradiated. However, apart from 
5 adduct labehng reagcrit^this rneth 

ultrafiltration to remove the considerable excess of 

electrophoresis to purify the hybridization product to the point that it can be identified. This 
procedure would be paniculary inconvenient to adapt to simultaneous probing of multiple 
. targets, because of the need to engineer ^gcu resolvable. 
!0 The present invention 

permits the simultaneous hbnisotbpic detecriori^ 
sequences or control conditions in a single test sample, using a single solid support divided 
into discrete regions to which different oligchucleod 

•attached-yia. spacer arms. The methodepmprises: \^r-j-^ " ^; 
15 (a) attaching the probes to denned regions of the solid support through 

spacer arms, attached at one end to the probe and at the other end to 
the support; - >v - r ■'■ •". 

(b) reacting the test samp^ 

conditions promoting Hybndizadoh of the probes to any single- 
20 " — _ stranded complementary nucleic add sequences in the test siample; 

(c) washing away any n ucleic acid hot hybridized to probe; and 
_ (d) detecting the probe-captured 'nuc^ 

.. ; ;":_'V - ' noniwibpicaH 

Because of the permanence of covalent attachment; the; preparation of iinmobili zed probes 

25 can be separated in time from their use« permitting lmnufaicnire of a storage-stable detection 

reagent, the hybridization captures 7 support, which can be used rapidly to detect target 
nucleic acid sequences in test samples on demand. Covalent probe attachment and the use 
of a spacer arm between support and probe greatly accelerate and; improve the efficiency of 
hybridization. The use of a cb'm^ 

30 - different probes greatly improves the economics; simplifies the physical format, and 

increases the reliability of hybridization and detection; because all target sequences in a 
simple test sample and aJl control conditions can be probed simultaneously in a single short 
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incubation and because aU probe-target hybrids arc exposed to identical incubation, wash, 
and detection conditions. Nohisotopic detection, whether via colored or fluorescent labels 
directly an^hed to the target nucleic acid or via colored labels 
indirecdy attached to the target nucleic acid through a specific binding-reaction, is much 
safer arid more convenient than detection of radioactive atoms attached to the target nucleic 
add, especially when developing storage-stable defection reagents and assay kits. 

The invention also relates to a novel, stable, assay reagent comprising 
oligonucleotide probes covaJcntly anached to discrete regions of a solid support via spacer 
arms, which probes have sequences desigried to hybridize to different analyte nucleic acids 
in the test sample'.or to indicate different (positive or negative) control conditions which test 

J^ty con< ^ rions ^ This assay reagent will have significant commercial 

impact, being, ideally suited large-scaie, automated, manufacw processes and' having 
a jong shelf life. ^ in situations where 'the number of 

mget sequences ?xc?ec!s the number of samples tested v ih g^ iH ; greater Renumber 
of target sequerccs and therefofje immbbiiized probes, the^atCT the improv^ of the 
.invention oyer what ha^ g^^^ With PCR-amplified DN^ sarnies, a simple test can 

easily be assayed for over fi^ • 
nonisotopic detection aspect of the invention is ecperially well suited to target sequences 
generated by permits covaleht attachrnenrto all to molecules of 

colpr^ or nuorescent dyes and of binding moieties like biotih, of colored or fluorescent 
and of binding moieties like biorin.d nucleic acid sequences. The 

rathcxis and reagents of the invention are also suited to detection of isotopically labeled 
nucleic acid, although this mode is not preferred. 

' V'. An ^ im P^ n l aspect of the invention relates to a spedhc chernistry for attaching 
bligonucleoride probes to a solid support in a way which is especially suitable to large-scale 
rnanufacture ahd which permits maximizatiph of pro hybridization 
efficiency. This chemistry comprises covalcnt attachment of a polynucleotide (preferably 
poly-dT) tail ib the probe and' fixation by the ultraviolet irradiation of the photoreactive 
tailed probe to u solid support bearing primary or secondary amines (e.g., a nylon 
membrane). Kow^yer. the invention provides numerous alternative^ non-photochemical 
ways to attach probe to support; wherein electrophiiic reagents are used to couple the probe 
to the spacer and the spacer <c the solid support in either reaction order, and wherein the 
spacer can be any of a i?: gc y?jiety of organic polymers or long-chain compounds. 
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Another aspect of the invention relates to a DNA sequence detection kit, which kit 
comprises the stable assay reagent, essentially a solid support having oligonucleotide 
probes covalently bound thereto via a spacer arm. The; kit ca[n also include PCR reagents, 
including PCR primer? selected for amplification of DNA sequences capable of hybridizing 
• .with the oligonucleotide 'probes. • 
5 " TcFaid in understanding and describing the invention, the following terms arc 

. ••.defined below:; ; :;. : *!, . \ - 
"Allele-specific oligonucleotide" (ASO) refers to a probe that can be used to 
distinguish a given allelic variant from all other allelic variants of a pau aoular allele by 
hybridization, under ^oquerice-specific hybridization conditions. - 
10 ~ "DNA polymorphism'* rcfe^ 

.,. variations of a nucleotide sequence exist in the same interbreeding population: 

"Genetic ^ disease'Vrefer^ to specific deletions and/or mutations in the genomic DNA 
of an organism, that are associated with a disease state, and include- sickle cell >jici?iia* cysuc 
. fibrosis, alpha-to^ 

15 "Labbr- refers to any atom or molecule which can be us^ to provide a detec^^ 

(preferably ^ quintifiable) signal and which can be attached to a nucleic acid or protein. 
: Lai>els may ^ provide sights det^ table by nupresce 
diffraction of absorption and the like. Suitable labels 

include fluorophores, chrpmophores, radioactive atdms (particularly 32p and * 251), electron 

20 : dense reagents, enzymes; and ligands .haying specific binding partners,; Enzymes are 
typically detected by their activity. Fqr example, HRP can be detected by its ability to 
convert diaminobenzidine (more preferably, however, TMB is used) to a blue pigment, 
quantifiable, with a spec^phptometer. It should be understood that the above description 
is not meant to categorize the various labels into distinct classes; as ^ the same label may 

25 serve in several diffe^ label or as 

an electronrdense reagent; HRP may serve as enzyme or as ; antigen for an-antibody, such 
as a monoclonal antibody (MAb). Further, one may combine various labels for desired 
effect For example, MAbs and avidin can be labeled and used in the practice of this 
invention. One might label a probe with biotin, and detect its presence with avidin labeled 

30 with 1251 or with an ahtibiotin MAb labeled with HRP. Alternatively; one may employ a 

labeled MAb to dsDNA (or hybridized P.NA) and thus directly detect the presence of 
hybridization without labeling the nucleic; acids. Other permutations and possibilities will 
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be readily apparent to those of ordinary skill in the an and arc considered within the scope 
. of the instant invention. - S 

• •; / " "Oligonucleotide" reft to primers, probes, oli gomer fragments, oligomer 
controls, and unlabeled blocking oligomers and is a molecule comprised of at least two or 
more deoxyribonuclcotidesjpr ribonucleotides. An oligonucleotide can also contain 
nucleotide analogues, such as phosphorottiioatcs and alkyl phpsphonatcs, arid deriyatized 
(i.e.v labeled) hucreptides^^T^ exact size of an oli gonucleotidc will depend on many 
factors, which in turn dependpn the ultimate function or use of the oligonucleotide, 

; "Primer" refers to an oligonucleotide, whether occuning natui^JJy or produced 
synthetically, which is capable of acting as a point of initiation of synthesis when placed 
under conditions in whi^ch synthesis of a primer extension product com^lemen^ to a :^ 
nucleic acid strand c^ and is 

.sinigle stranded for ra)rim^^ in arriplificatiori, but may ^t^&yeiy ^double 

sodded. If double stranded, the primer istet treated to separate its strands before being 
used to prepare extension prcklucts; ; The primer must be suf fidently long to pri^e the 
synthesis of extension prpejucts in the presence of the i^lymcra^c, but the exact length of a 
priroerwill depend on many factors^ For example, for di agnos tics "applic^idbris; the 
oligonucleotide primer typically contains 15 to 25 nucleotides: : Shon primer moiecu I es 
generally require copier temperatures to form sufficiently stable hybrid complexes with 
template. Suitable primer? '^ are prepared by means kiiowri to those of 

ordinary skill in the: art; for example by cloning and restriction of appropriate sequences, 
direct chemical synthesis, and purchase from ia cornmcrcial supplier: for 
primer. synthesis include:, the phosphotricster method described in Naran£ & ^.,1979, 
MM- En^yriipl. M:90 a n d nietiiod 
disclosed in Brown ^ al.v l?^ Mgth - EnzVmoi : 6Sr 109; the diethylphosphoramidi tc 
method disclosed in ^ and the solid 

support method disclosed in U.S. Patent No. 4,458,066. The primers may also be 
labeled, if desired. ■ 

"Restriction fragment length polymorphism' 1 (RFLP) refers to a DNA 
polymorphism at a rcsmctipn enzyme recognition site. The restriction enzyme specific for 
the polymorphic site can be used to digest sample DNA, and when the digested DNA is 
fractionated by electrophoresis and, if necessary, treated for visualization; different samples 
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producie different restriction endonucleasc patterns, depending on the particular 
. polymorphic sequence present in the sample. 

; ; v; "Sequence-specific hybridization" refers to strict hybridization conditions in which 
exact TOmplementarity between probe atnd sample target sequence is required for 
hybridization to ccbur. Such conditions are readily discernible by those of ordinary skill in 
the art and depend upon the length and base composition of the probe. In general, one may 
vary the' temperature, pH, ionic strength; and concentration of chaotropic agent(s) in the 
hybridization solution to obtain conditions ; under ^hich substantially no probes will 
hybridize in the absence of an "exact match." For hybridization of probes to bound DNA, 
the empirical formula for estimating optimum temperature (0 9 M 

N;£^ N c )^2(Na^Nt);5T^ 
riuiTibcrepf^ 

: BioCh^rp: lM:267>284)> those of skill in the m recognize, however, that this calculation 
only gives an approximate value for opartjum teniperaiure, which Should then be -v 
empirically test^ ^ in a sequence- 

specify hytedizatipn is cal led a "s^uence-specific oUgoriucleotide" (SSO)i w can also 
be an ^Ieie-spccific oligonucleotide ^ of skill in the ^ recognize that for a 

jingle nlism^tch ^tween probe and target to 

pibbe rpust be relatively short, generally no longer than about 23 bases, and usually about 
■ 17 to 23 bases in length. ■ ■ ~\ 

"Specific binding partner'' refers to a piptein capable of binding a ligand molecule 
with high specificity, as for example in the case of an antigen and ah antibbdy br MAb r 
specific therefor.. Other specific binding partne'rs include biotin and avidin, streptavidin, or 
^ ^ti-biotin antibody; IgG and protein A; and the numerous receptor-ligarid couples 
known im the an;- ; L • r ' : T-'-'v'- ; '■^■i>-'' : -;: : yr 

y : ; To aid in understanding the invention, several Figures accompany the description of 
the invention. These Figures are briefly described below. " 

Figure 1 depicts a plot of probe binding as a function of U V exposure. 

Figure 2 depicts a plot of hybridization efficiency as a function of UV exposure. 

Figure 3 depicts a series of dot blots demonstrating the presence of either normal 
beta-globin or sickle cell beta-globin; obtained by sandwich assay. 

Figure 4 depicts a series of dot blot^ demonstrating the presence of either normal 
beta-globin or sickle cell beta-glbbiri, obtained by direct assay. 
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Figure 5 . (depicts a scries of dot blots demonstrating HLA DQalpha genotyping. 
: . Figure 6 depicts a scries of dot blots demonstrating beta- thalassemia typing, . 
" The present invention provides a method for delecting the presence of a specific " 

. nucleotide sequence in a sample by contacting the sample \vith immobilized oligonucleotide 
probes undCT conditions that allow for hybridization of complemcntaiy h^ 
5 sequences. In one eml^ method* the test sample is contacted with a solid 

support upon: which ^ immobilized probes specific for "one or more target sequences (the 
M andyte") t probes fw a positive control sequence that should be present in all test samples/ 
and pptionally pino^ sequence that should not be present in any test 

m sa ^^ T support. If an:" 

10 : ^ analytical sigrial ;d<^tec^ecl in tlie negative cdn trol region or if no analytical signal is 

V det^t^iii tfiepp^ region 
is susp^U ^d ^e sample shcu]d bere^s?^ embodin^nt, a number 

:■: of different aii^yt^ covaieritly attached to distiria regions of xisolid ■ v 

support so thai one can J"?st;fbr allelic variants of a given genetic Ibcus in a single - 
15 . hy^mdizatipn rractibh^ ;In sti^ vmbus an alyte- specific 

probes ait coir^ran^ nucleotide sequences present in various microorganisms. 

^ important aspect of thct invention^ The probes 

comprise fwo parts: a hybridizing region compost of a nucleotide sequence of about 10 to 
50 nuclcptidqs (nt) and a spacer arm, at least as long as the hybridizing region,, which is 
20 - covalently attached to the solid suppprt and which acts as a "spacer"; allowing the 

hy Wdizirig region of the probe to move away from the solid support, thereby improving 
the hybridi^^ of the probe. ; In a prefened embodiment the spacer arm is a 

sequence of nucleotides. caHed th^ to the solid 

sup^rt via cpyalent bonds between nucleotides withm t^ of the probe and reactive 
25 groups within the solid support matrix. 

As described more fuUy below, the immobilized probes of the invention avoid the 
problems inherent in prior art detection methods with immobilized probes. These problems 
include a lack of sensitivity^fo^ for immobilizing probes actually 

result in the hybridizing region of the probe becoming attached to the solid support and thus 
30 less free ; to hybridi^ to complementary sequences in the sample. In addition, the prior an " 

mcthoqs for synthesizing and attaching the spacer to 'Jvc probe and to the solid support are 
complicated, time-«)hsuming t expensive/ and often involve the use of toxic reagents. In 



marked contrast, a preferred method of the invention for synthesizing and immobilizing 
probes is quickly completed with readily available^rclatively nontoxic, reagents, and with 
practically no chemical manipulations. The polynucleotide tails of the invention are 
composed of nucleotides that are attached to the hybridizing region with ian enzyme or with 
the aid of commercially available nucleic acid synthesizers. The tails of the invention are 
attached to the solid support by a similarly problem-free method: exposure to-ultraviolet 

(uv)iighLv j ; •: /; ^ ■ . 

Those of skiU in the an recognize that nucleicacid hybridization serves as the basis 
for a- number 6f important techniques in the medical diagnostics and fbrchsicis industries. 
In addition, nucleic acid hybridization serves as ah important topi in the laboratories where 
scientific advances inmany diverse fields occur. The present invention represents an 
important step in making nucleic acid based diagnostics even more powerful and useful. 
As noted above, PCR has played an important role in these same industries ^d -; 
laboratories, and the prcscr.t;ihyentidh will often be pracueed o^^ 
nucleic aicid has been amplified by reR^V ^oiis usciFul embodiments .'of. die- present- • 
invention are described below, but the full scop? of the invention c^ o^ 
understood and u ti li zed: by the various and diverse practitioners of nucleic' acid based • 
diagnostics. ^ •Y^Vv-^-^v'-- . : - ••^; : 'V ; > : '. ; • • ^ 

One_yery important use of the present invention relates to the detection and 
characterization of specific nucleic acid sequences associated with infectious diseases, 
genetic disorders, and cel/ular disorders, including cancer. In these embodiments of the 
invention, amplification of the target sequence is again useful, especially "when the amount 
of nucleic acid available for analysis is very small, as, for cxample^ in theprcnatai 
diagnosis; of sickle cell anemia using DN A obtained from fetal cells. Amplification is 
particularly useful if such an analysis is to be; done on a small sample usirig hon-radioactive 
detection techniques which may be inherently insensitive, or where ^ radioactive techniques 
are being employed but ^^where rapid detection is dwirablc. 

The immobilized probes provided by the present invention not only are useful for 
detecting infectious diseases and pathological abnormalities but also are useful in detecting 
DNA ppl>rrkorphisms not necessarily associated with a pathological state. The term 
forensic is most often used in a context pertaining to legal argument or debate. Individual 
identification on the basis of DNA type : ; playing an ever more important role in the law. 
For example, DNA typing can be used in the identificiarion of biological fathers and so 
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scives as an important tool for paternity testing. DNA typing can also be used to match 
biological evidence left at the scene of a crime with biological samples-obtained ftom an 
individual suspected of committing the crime. In a simil ar fashion , DR^ typing can be 
used to identify biological remains, whether those remains are a result of s crime or some 
J. noncriminal activity. The practice of forensic medicine now routinely involves the use of 
" V 5 . P^A r pro]bfcsi in protocols that can be nrade hwrc. efficient by employing the ptcscnt 
invention: :. : - : "-, • • V- \->;VV 

- : ,.^ : Jo. achieve the important and diverse benefits of the present invention, one must 
: first synthesize the probes to be immobilized on a solid support. The probe sequence can 

: 

10 -X ; synthetic methods were noted abpyeriri the discussion of PGR primers. The hybridizing 
■ region of the probes of the invention is typically about 1 0 to 50 rit in length; and more often 
^ 17K) 23 pt in lengthy but the: exact length of the hybridizing region - will of course depend 
; : ; v v ?^ is used, ^ Apparent to tiiose of skill in 

> the art; the hybridizing region of the p^ to possess exact 

15 ; complementarity wi th the target sequence to be detected, but onctagairi; the degree of 

■ ■ complen^nt^rity between probe and target is somewhat tangential to the present invention. 
The probes of the invention; are, however, preferably "tailed" with an oligonucleotide 
sequence that plays a critical role in obtaining the benefits provided by the present 
invention. ' .'• . ' 

20 

deoxyribonucleotides (e.g., dT, dC, dG, and dA). The nucleotides of the tail can be 
attached to the hybridizing region of the probe with terminal dcoxynuclcotidyl transferase 
■ : " /: CTd^bys^ the entire tailed probe can be synthesized by 

: 

" 25 \f sypthesiier. ^ _One can also synthesize the tails and Hybridizing regions separately and then 
combine the two components. For instance, a preparation of tails can be prepared (and 
: even attached to a solid support; such as a bead) and then attached to a preparation of 
hybridizing regions. 

When using a DNA synthesizer to make the tailed probes of the invention, one 
30 should take steps to avoid making a significant percentage of molecules that, due to a 

premature chain termination event, do not contain a hybridizing region. One such step 
involves synthesizing the hybridizing region of the probe first, creating a tailed probe with 



AVO 89/11548 



PCT/US89/02170 



17 



the hybridizing region at the 3' end of the molecule. Because the likelihood of a premature 
chain termination event increases with the length of the molecule^ this step incre4ses4he 
likelihood that if a chain tennination event occurs; the occurrence mcrelx results in a shorter 
tail. However, because most premature chain termination events arc; a result of a failure to 
"de-block" during synthesis, and because the exact number of residues in the tail of a probe 
5 of the invention is not critical^ one may also merely omit the blocking arid de-blocking steps 

during automated-synthesis of the tail region of the probe. If these steps are omitted X 
(during tail synthesis only), the tail can be placed on cither the 5 f or 3 1 end of the probe; 
: with equal efficiency and satisfactoiy resultsr^ 1_ 

As noted ateye, the preferred spacer arms of the probes of the invention are/ /. 
10 comprised of nucleotide ^ the tails serve to attach the probe to the solid:] 

suppprt, the relative efficiency with which a given bHgonu^ with a solid 

. suppon is important fri choosing the sequence to serve is the tail in the probes of the ; 
: invention. Most often,: the: : tail will a hbmo^lyhier, Figure 1, beiow, depicts ihe 
; ;V relative efficiende 

15 homopolymer tails were covalcntly bound to a nylon filter as a function of UV exposure; 

v As shown in the figure, oligonucleotides \vith longer poly-dT tails were more readily fixed 
- lq lhc membrane, and all poly-dT tailed oligdnucl^ values by 

: 240 mJ/cm2 of irrad^ 

required more in^diation to crosslink to LheJ membrane and was not comparable to the 
-20 equivalent poly-dT tail eyeri after 6Q0 mJ/cm? exposure, Untaiied oligonucleotides were 

retained by the filter in a ma^ 
> . _ Thus- the probes of the invention preferably comprise a poly-dT tail of greater than 

1 0 thy^d^ tail v/ill comprise at least 100 T residues, and most 

; preferably, ^e tai^ 

25 primarily to bind the probe tp the solid support, the exact number of dT nucleotides is not - 

critical, as noted above. Although those : of skill in the art will readily recognize the fsfct, it 
should be noted that the composition of the tail need riot be homogeneous, i.e., a mixture 
of nucleotides may be us^.; FVeferably, howeyer, the tail wUl include a significant number 
of thymine bases, as T reacts most readily with the ^ solid suppon by the preferred methods 

30 for making the inv^ili^ probes of the invention, which meUiods are discussed more 

fully belovy. If one desires to utilize the probes in Sequence-specific hybridizations, one 
must be aware of the problem caused by creation of a random sequence in the 
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heterogeneous tail that closely resembles the hybridizing region of a probe. If a 
heterogeneous tail is employed, it is still desirable to maintain a distribution of 150 
pyrimidine residues per tail, if the probes are to be fixed.tb a solid support by UV 
• iiradiation. . y:--. \ ' : '■' 

" The tail should always be larger than the hybridizing region, arid the greater the 

5 disparity in size between the hybridizing region and the tail (so long as the tail is larger), the 

more likely it is that the tail, rather than the hybridizing region, will react with the suppon, 
a preferred condition. Larger tails thus increase the likelihood that only the tail will 
participate in reacting with and thereby binding to the solid support Because the tail also 
? functions as a "spacer," enabling the complementary sequence to diffuse away from the 

10 . . soUd suppon where i't may hybridize more easily, free of stericintcractions, larger tails are 
doubly preferred; Excessively extended tails, however, are uneconomical; arid, if carried 
to an extreme, excessive tailing could have adverse effects, i : v \ 

Probe is synthesized on a DNA synthesizer (the Model 87(X)^ marketed by Bioscarch, is 

15 ; ; suitable for this purpose) with beta-cyanoethyl N-diisoprppyl phosphoramidite 
nucleosides (available from American Bionerics) using the protocols provided by the 
manufacturer, if desired, however, only the hybridizing region of the probe is synthesized 
on the instrument, and then 200 pmol of the probe are tailed, in 100 Hi of reaction buffer at 
pH - 7.6 and containing 100 mM cacodylate, 25 mM Tris-base, I mM GpCl 2 . and 0.2 mM 

20 dithiothrcitol; with 5 to 160 nmol deoxyribbnucleotide triphosphate (dTTP) and 60 units (50 

pmol) of terminal dcoxyribonuclcotidyl transferase (available from Ratliff Biochemicals) 
for 60 minutes at 37 degrees C (see Roydhoudhury el aj., 1980, Mejb_. EH2, £2:43-62, for 
birifer pn^^tioniRezctionsaiis conveniently stopped by the addition of 100 \il of 10 mM 
EDTA. The lengths of tails can be controlled by limiting the amount of dTTP (or other 

25 nucleotide) present in the reaction mixture. For example, a nominal tail length of 400 dT 

residues is obtained by using 80 nmol of dTTP in the protocol described above. 
- ; Once the tailed probe of the invention is synthesized, the probe is then attached to a 

solid support. Suitable solid supports for purposes of the present invention will contain (or 
can be treated to contain) free reactive primary or secondary arn^ 

30 binding a UV-activated pyrimidine. especially thymine. Secondary amino groups may be 

preferred for purposes of the present invention. There are mariy ways to assure that a 
solid support (not necessarily nylon) has free, particularly secondary, amino groups. 
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Arrune-bearing solid supports sui table f or purposes of the present ihveridon include 

polyethylcnirnine (chemisbrbed to any solid, such as cellulose or siu'ca with or without 

glutaraJdehyde crosslinking) and silica or alumina of glass stlariized with amine- bearing 

reagents such as PCR Inc/s Prosil™ 220, 221, 3128, and 3202 reagents. Manville sells 

- I controlled porosity glass papers (BiomatTM) appropriate for aminpaikyl silanization. One 

T 5 ! may - ^ la tt immobmzed primary amines (e.g. with a methyl halide or with formaldehyde 

plus cyahoborbhydride, (as described by jentoff cj aU 1979, L BioJ- Chfiffl^ 254:4359- 

■ ; 4365). ; As noted aboye, one may use a solid support to which polycthyleniminc has been 

: chemisprbed. ^Polyvinyl chloride sheets containmg PEI-lMded silica are commercially 

. available (manufactured, by Amerace and sold by ICN as PrbtransTM and by Polysciences 

10 asPolyySepTM), and PEI loading of cell 

The solid support, also called a substrate; i-cjari be provided in a variety~df forms, 
: . including in 

like. A PJ?f^d supj^n rhaterial groups 

^ include ^ 

15 .charge mcxlified.nylpns, such as the Genetrah^ 
the 2>taProbe™ mcmbtarie 

Having chosen a suitable solid support, one makes the preferred i 
probes of the invention by reacting a tailed Oligonucleotide probe with the solid suppon 
under conditions that favor cpvaJent attachment of the tail to the solid support. In a 

20 preferred embp^ment, the solid support is a membfarie, and probe binding resul ts from 
exposure of the probe on the membrane to UV irradiation, which activates the nucleotides 
in the tail, and the acrivated nucleotides react with free anunb gipups wi^ the membrane 
Careful dessicaaon of tailed probes of the invention spotted onto a suitable solid suppon 
' can also be used to facilitate cbvalerit attachment of the probes to the substrate. One can 

25 assay for the presence or absence in a solid support matrix of reactive groups capable of 
reacting with oligonucleotides by the procedure described in Example 1 . 

As is apparent from the foregoing, a preferred method for preparing the 
immobilized probes of the invention, comprises fixing an oUgonucieotide probe with a poly- 
dt tail to a nylon membrane by UV irradiation. Although poly dT tails react very 

3Q • ' effidentJy to solid supports by the methods of the present invention, efficiency of reaction 
of oligonucleotides with /a /membrane dees not necessarily correlate with hybridization 
efficiency. One may therefore wish to determine the hybridization efficiency of a given 
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oUgonuclcoride probe after immobilizarion on a solid support: When trie hybridization of 
• various tailed probes is measured as a function of U V dosage, as shown in figure 2, one 
observes mat^m^^^ length of a poly-dT tail; Optimal 

exposures arc about 20 rnJ/cm2 for 800 nt poly-dT tails and about 40 mJ/cm2 for 400 nt 
\ poJy-dT : tails. •; • - \ : y L • ; • . r ':-b'-'\ V-.'. ; 

'At"6X)"mJ/ctn2 exposure, one observes that oligonucleotides with longer tails 
hybridize triore efficiently than can be accounted for by As additional anwun^ of prbb*^ 
reacted with and bound to me filter. This increased efficiency is believed to be due to a 
spacing effect; incje^ng the djstance between the membrane and me hy bridizin g region of 
the immobilized probe may increase hybridization efficiency of the probe. Thus, too much 
UV exposure during immobilizatibn can not only damage the nucleotides in the probe but 
also can reduce ihe average spacer length and de^ 

upponantto note that because dC tails react less efficiently (as compared, to dT tails) witha 
f membrahe, hybridizapon efficiency of a p6iy-dC taiicd probe reached 2 pi at«u si/hsre loss 
due to Uy damage and bii snone for by the fixing of hew rrtplecules 

. to the membrane (sw Figures 1 and?), fh^ such : 
tails preferred when UV exposure cannot be carefully cpntroHed ' r i 

: No matter ^hat the base content of the tail of the probe, one rriay automate the 
attachment of probe to support in accordance with the method of the present invention. 
One semi-automatexi means pf attachment preferred for positive charge nylon membranes is 
as follows. A cornmcrcially available "dot-blot* , apparatus can be readUy mbd^ed to fit 
into a Perldn-Elrr^/Cetus Ptp/Pette®autor^ pipetting station; the membrane is then 
placed on top of the dot-blot apparatus and vacuum applied. The membrane dimples under 
the vacuum so that a small volume (5 to 20 of probe applied forms a consistent dot with 
edges defined by the diameter of the dimple. No disasserinbiy of the. apparatus is required 
to place and replace the membrane - the vacuum may be kept constant whUe membranes 
are applied, spotted with probe, and removed. -V: ? 

Once the probes are sported onto the membrane, the spotted membrane is treated to 
immobilize the probes. A preferred method for covalentiy attaching the probes to a nylon 
membrane is as follows. Tailed oligonucleotides in TE buffer (10 rruM Tris-HCl, pH = 
8.0, and 0.1 rrrfvl ET/TA) are applied to a Genctrans-45™ (Plasco) membrane with a 
BioDot^ (Bio-Rad) spotting manifclJ. The damp membranes, also called. "filters." are 
then placed on paper pads soaked with TE buffer, the pads and filters are then placed in a 
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.purpose) and irradiated at 254 nra under controlled exposure levels. UV dosage can be 

> ^.bci^imng the radiant UV energy with a metering imit Exposure time typically ranges 
^ni about 0. 1 to 10 nainutes/irost oft^n about 2 to 3 minutes, The support is preferably 
5 : y v. v;:<^P" during irradiation, but if th<^ a shorter UV irradiation exposure 

; can be used. The irradiated filters are washed in a large volume/of a solution composed of 
. ; 5X SSPE(1X ^ 

-and 6.5% sodium dodecy 1 sulfate (SDS) for iabout one^alf hoiir at 55 degrees G to remove 
; ; : un^ Filters c^ : then be rinsed in water; air dried, ^d stored at 

*P_' ^ iwns temperm^ . r-S''-Vy> 

.UV irradiation of nucleotides is 
-:f^^^!^^ on vWliich t for purposes of the pr^ 

•<Mstcps.cah.bc taken to reduce di^Hiation during UVirfacliation/includihg applying the 

- ^^Vclcptidp probe to the membrane at a high pH, above 9 arid pi^efably a tove 1 0; • 
15 \ ■ applying the prpbc to the men^branc at a y<:ry io>y ionic strength; ^ 

,pvvcsl probe concentration that g^ desired signal intensity; arid irradiating with 
A ■ flight excluding wavelengths longer ^ 

• wavelength longer than 240 nm. However, the extent to which these steps could impair 
v probe immobilisation has-not .been ;^sted.;J Iri genersj; spotting ^dattacl^cht bf the probe 
?p . to the. membrane; should be done at a terriperaturc and in a solvent that iiunirhi^S base- 
. ". ? pairing arid base- stacki ng i n the prob^sy ■ vV'.'"- .^/t : ' ' 

After constructing the novel irr^obilized probes of the invention, one is ready to 
: ^P|oy those probes in the useful nucleid ^ 
In a preferred embodiment of this method, a sample siispected of ^ 
25 arid sequence is treated under conditions suitable^ 

PCR. Note that the process of "as^nie tric M PCR, described by Gylleristen and Erlich, 

can also be used to amplify the sample nucleic acid. The PCR primers are biorinyiated, for 
subsequent detection of hybridiz^prime^ amplification 
30 reaction mixture is denaruredi unless asymmetric PCR was used to amplify; arid then 

- applied to a membrane of the present invention under conditions suitable: for hybridization 
to occur (most often, sequence-s^fic hybridization). Hybridized probe is detected by 
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■ ■■"■■v- binc^g strcptavidin-horscra (SA-HRP, available from a w of 

chemical vehdors) to therhriotinyl^ followed by a simple cbiorimctric reaction in 

: .; which a substrate such as TMB is employed.. Ope can then determine whether a certain 
. / sequence is present in the s^ple merely by looking for the appearance of colored dots on 
: - ^the membrane. '■' -/ v- v'- wv: ■:<■■:■■-: : : \ r -,--V;- • : . . . 7 ■ * 

5; In an especially preferred ^bc^ment of the above method, 1 filter with- - ~; 

imnwbilized bligonucieotides is placed in hybridization solution containing 5X SSPE, 
; : SDS, and 100 ngfrrd SArHB^ maikcted undCT by Cctus and 

E^tma^ 

; ^ NaOH and EDTA and added immediately tb the hybricU^tion solution; which cbntains 

10 ; ; i enough SS^ 

• tempOTturc forhybridi^ C for.:-- 

0 • 30 minutes). During this ihc^ prbdtict to iiDmotdUz^-^-^;^^ 

; ■ ; \ : oUgbnucleotidc occurs /^weil^binding of S A-HRP to bietiriylated prcduicu The filters 

; are briefly rinsed W in the 

15 * ' : v same solution at 55:deg^ecs C for 10 minutes; then Quickly nnsbd twice in 2X ?3S (IX 
v PBS is ^ 7.4) 

at robm temperances . Ieucb. 
. dye or TiyiB at room t^peraturb for 5 to 10 minutes. Photographs arc taken of the filters 
after color dcy e 1 op me n t for penria n en t records; . 
20 Although the detection meth^ skill in the art 

r^gnize that the immobilized probes of the invention can be Utilized in a variety of 
detection formats. One such format involves labeling the immobilized probe itself, instead 
of the sample nucleic acid. If the probe is labeled at or near the end of the hybridizing . 
sequence (far from, the site of attachment of ^ the probe to the solid suppon); one-can treat the 
25 ppientiaily hybridi^ saA DNA with an appropriate restriction enzyme, i.e/, one that 
; cleaves only duplcx^nuclcic acids at a sequence present in the hybridizing region of the 
probe, so that restriction releases the label ^ 
of hybridization. Suitable labels include peroxta^ 

radioactive atoms or molecules (e.g., I25i t etc.), fiubrophorcs, dyes, biotin, ligands 
30 for which specific monclonal antilxxlies^ available, and the like. If the primer or one or 
. more of the dNTPs: utilized in a PGR fc/nplificaripn has been labeled (for instance, the 
biotinyiated dUTP derivatives described by Lb et al.. 1988. Nuc . Acids Res ; 1£:87 19) t 
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instead of the immobilized probe, then, as noted above, hybridization can be detected by 
" assay for prcscnce of label bound to the membrane*:; 

: Th6 immobilized probes of the invention can also be used in detection fbmiits in 
which neither probe nor primer is labeled. In such a format, hybridization can be detected 
using a labeled "second probe/' The second probe is comjplemcntary to a sequence 
— - ~~ 5 o<xwririg within the target DNA, but not overlapping the .bound probe Sequence; after 
hybridization of the second probe, the immobilized probe, second probe, and target 
sequence form ai nucleic acid "sandwich," the presence of which is indicated by the; 
; presence of the label of the second prote on the membrane. One could also employ ; 
: V monoclonal antibodies (or other DNA, binding proteins) c^ 
10 \ duplex nucleic acids (e!g; t dsDNA) in a detection format that uses no labeled nucleic acids. 
v ^ an will recogpiirc that one ^ 

ri probes of the invention is the ability, at least with most detection fpnila'b; to"rwycle;thb : :r: ; 
support- t^und probe, by denaturi the hy feridi^eci complex,; eluting the sample; DN A, and 

>-,. 1 5 / ^ traces of extraneous DNA; label, developer solution, and jmmpbiUz^ dye (see U.S.. Patent 
v No. 4,789,630 arid PCT application No; 88/0287, incorporated herein by reference). 
Those of skill in the an will recognize the msriy and; divert 
immobilized probes of the present invention;. One exciting application of these immobilized 
probei is irtconjunction with the technique of simultaneous amplification of several DNA 
20 sequences (■'- , rnuitip_Iex M PCR). Such sirnukariebus am^p^ 

many different loci with a single membrane. For instance; one can type for the : •■ " ♦ 
y: polymorphic HMdni site in the Ggarnma gene (see Jeffreys;, \9l% Cell l^rl - 10)^ thfe j; 

polymorphic Avai l site in the low density lipoprotein receptor geneXsee Hobbs £1 M-i 
v : 1987, Nuc. : Acids Res. ii:379)V and for polymorphisms in the IfLA b(^lphi gene 
25 simultaneously by amplifying all three loci in a single PCR ^d ap^ 

material to a, suitable set of immobilizi&d probes of the present invention. Other genetic i 
: targets whose analysis would be simplified. by this technique iniclude the detection of 
somatic mutations in the ras genes, where six loci and 66 possible alleles occur (see 
. Verlaan-de Vriesa al., 1986, Gene 50:3 1 3-320); the typing of DNA polymorphisms at the 
30 HLA DP locus; the detection of beta-thalassemia in Middle Eastern populations, where in 
addition to the endogenous mutations, Mediten^ean and Asian Indian mutations w 
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' present at significant frequencies; the detection of infectious pathogens; and the detection of 
^-y. /microorganisms in environmental surveys; 

jfrmany of these applications, it will be desirable to; obtain a membrane on which 
... are immobilized a diverse: set bf oligonuciebti 

nevertheless can hybridize under the same sequence-specific hybridization conditions: If 
^ 5; \ n^ess^, this Sftjan by adjusting the length; j^sition» and strand- 

J specifici|ty of the probes, 6r by vajying the amount of probe applied to the membrane, or by 
adding a salt; such as ten^ethylamn^ chloride, to the hybridization buffer to 

c^ 

;/ , : ; ■S^J^ examples betox^^ : v 

^ enable the skilled artisan to apprcdate tfic iriyen^ should not be . 

;: > consprued aj Hmiting the^ -■):. v^;- ^ ;^ ■ : ; \ ■ 

• "'V '• Example 1 :> ; ;•/„'./:' : ' ; : 

15"- - \ >: p- Probe Retention and Hybridization Hfficiehcv h'^- \ 

: . - ; I ^ 

> length and 

ATP and T4 polynucleotide fcinase<sce Saiki , J986; J^aniK 224: 163-166). Portions 
20 > • of ^e kmased probe were th^ (Tat); as 

described by Ro>;dhquclhury & M:(ks i a was present at a concentration of 2 JiM; TdT 
".[ (Ratliff Biochemicals, ipfAlkrr&ii ^) at ^ U/mJ r and either dGTP or dTTP at either 6 

or dT ^ls of approxi 

25 

by addition of an equal volume of 10 mM EDTA --^ """^-v 

Four pmol of each sample diluted in 100 fil of TE buffer were spotted onto nine 
\ duplicate filters (Genetrans-45 nylon, Plasco, Woburh v Mas UV irradiated! for various 
times, washed to remove un^ then each spot was measured by 

30 scintillation cquntingto d^ to the nylon membrane.: 

The values plotted in Figure 1 are relauve to an unirradiated, unwashed control filter (100% 
: retention); LTV iri^arion was acxomplish by placing the filters in a Strata! inker 1800™ 
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UV light box and irradiating the filters at 254 mn. Dosage was controlled using the internal 
metering unit of the device. The niters were then washed in 5X SSPE, 0.5% SDS for 30 

; : r ^ nmcs at 55°G to remove DNA not stably bound. The results plotted in Figure 1 show 

that even the non-tailed probe was retained by the rhembrane, but that retention of the 

: . ^tailed probe was not greatly improved by UV inadiarion. The 400-dT tailed probe 

7 5;;; exhibited >90% retention after suitable exposure.'' :1 ' - / V'' • " " ; 

However, high retention docs not necessarily correlate with high hybridization 
efficiency. Thus, hybridization efficiency was measured as follows. Probes were 
prepared witlvpoly-dT tails as above; but with unlabeled RS 18. The probes were spotted 
onto filters and UV irradiated, arid excess probe was washed from the membrane by 

.10 ; . -.. incubating the membrane in 5X SSPE, 0.5% SDS. for 30 minutes at 55°C. The 

membrahes were then hybridized with 5 pmol of complementary 32 P . jahase labeled 40-roer 
(RS24: S'-CCCACAGG 

•' ^activity <> f 1 - 5 uCi/pmol) in a solution (10 .tJ) containing 5X SSPE and 0.5% SDS. at 55°C 
for 20 rninutes. which are sequence^ hybridization cdndirions. Thcimembrane was 
.15 then washed first with 2X SSPE, 0.1% SDS (3 x 100 rrd) for 2 rm^utes at about 25^^^^ 
• V ;. then in 2X SSPE, 0.1 % SDS at 55°C for 5 minutes. The individual spots were excised, . 
counted, and the counts plotted against UV exposure's shown in Figure 2: The values 
plotted are fmol RS24 hybridized to the membrane. The results show that none of the-non- 
tailed probe was able to hybridize under the conditions used, even though as much as 50% 
20. of the applied RSI 8 shouldbe bound to the membrane. All of the tailed probes were able 
to hybridize, with hybridization efficiency increasing with increasing tail length; Optimal 
w exposures were from about 60 to 120 rnJ/cm2. 

. ": ■'■ Example 2 V'' '. : ' ■ '. : 

' 25 ^ •' . : Sandwich A<^v f hr Sickl^rejl Anemia 

Two allele-sperific probes were prepared, one for the normal bcta-globin allele, 
called RSI 8, and one for the sickle-cell allele, RS21 (5'CTCCTGTGGAGAAGTCTGC)- 
V each probe had a 400 nt poly-dT tail. If desired, a probe for the hemoglobin C allele can be 

prepared with the sequence: A'CTC^ 
30 were prepared arid spotted wi th 4, 2,1, and 0.5 pmol of each tailed probe using the method 
■ ; set forth in Example 1 , and then UV irradiated by placing the filters, DNA-side down, 

directly onto a TM-36 Transilluminator UV light box (U.V. Products. San Gabriel, CA) 
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for 5 minutes. Four 1 jig samples of genomic DNA (from cell lines Molt4 (betaAbetaA); 
^i^taSb?taSXM + S(beuA^S);an^ 
1: mutant) w^e subjected to 30 PCR amplification cycles vvi A me^cr^Pc63 < 

; ^ 

■ V. '. ' ; ; ^ canied out substantial accordance with me procedure: described by : 

_ reaction buffer containing 50 mM KCi; 10 mM Tris-HCl (pH = 8.4); 1.5 mM MgCI 2 , 100 
lig/ml gelatin. 200 uM each of dATP, dtTP, dGTP, and dTTP, 02 jiM of each primer, 
; : ^ 2.5 units of Taq DNA polymerase (Perkin-Elmer/Cctus Instruments). The cycling : ' 
; reaction was performed on a programmable heat block, the DNA Thermal Cycler, available 
fromPECI. set;tb;heat at 95 degrees Cfor 15 seconds ^enature^ 

■ I 15 ^Pnds (anneal), and incubate at 72 degrees si ^_ 
■/} Cycle program. After 30 cycles, the samples were incubated ah additional 5 minutes at 72 

%-:-V: degreesC V : .. '- ; :i : : '-V- : '- ; - : -':; '/.'''■ : ; V- : -v : 0:"' ■■ 

'■7^ :; ■ ' • ( ^ch ^pilfication product (18 ^) was denatured by heating at 95°G for 5 minutes 
15 ^ n l^ of ^.and then quenched on ice. A solution (4 ml) of 6 25X S SPE, 6.25X 

; ;i ^ ybridizcd to one ofthc fi,t % for 15 minutes at 55°C. gashed with 2X SSPE, o;i% SDS 
(3 X 100 mi> for 2 mbutes at about 25°C. and then washed with 2X SSPE. 0.1% SDS (1 
x 100ml) for5rrunutcsat55 0 C. ' 

The membranes were then equilibrated in 2X SSPE, 0.1 % (v/v) Triton X- 100 (100 
y ™ 1 ) for 3 minutes at about 25°C to remove SDS. AU of the filters were then hybridized in 
the same buffer with a horseradish peroxidase (HRP) labeled 15-mer. RSI 11 (5'- 
• GCAGCJTTGGTATCAA). specific for the PC03/KM38 aihplification product, prepared by 

■ ^ method disclosed in PCT publications WO 89/02931 and 89/02932; incorporated herein 
'•'25' .by reference.: •, ".'•. '• .•'-• ; ; '.. ••- 

- These methods essentially involve derivatizing the nucleic acid probe using a linear 
JinJdngipolecuI^^ polymer chain (e.g.. polyoxyethylcne) having a 

phosphoraniidite rnoiety at one end and a protected sulfhydryl moiety at the other end. The 
phosphoramidite moiety couples to the nucleic acid probe by reactions well known in the 
30 an (c.g., : Beaucagecjal.. 1981. Jsmhsskm^li. 22: 1859- 1862), while the deprotected 

sulfhydryj group can form disulfide or other covalent bonds with a protein, e.g.. HRP. 
The HRP is conjugated to the linking molecule through an N-maleimido-6-aminckproyl 
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: group.; The label is prepared by esten^ 

4-hy<foxy-3-nitro benzene sulfonate in the presence of one equivalent of -\ 
, dic>*lcbhexylcarbodiimide in dimethyl formamide. After purification, the product is added 
to phosphate buffer containing HRJP at a weight ratio of 8:1 HRP to ester. The; ^ 
- : '-r:. : ' oligonucleotide probe is synthesized in a DNA synthesizer/and the linking molecule ha zing 
" 5 ; ; ;thc^ ^cmre (G^5>3CS*(CH 2 CH26)^P(CH2CH2GN) [N(i-Pr)2] is attached using : .y ; ' 
;; phosphoramidite synthesis conditions. The trityl group is removed, and the HRP 
derivative and probe derivative are mixed together and allowed to react to form the labeled 
probe. A biotin-Iabeled probe may be Spared by similar methods. 

The membrane was incub pmol RS 11 1 in a solution (8 ml) composed of 

10 y y 5X SSJ>E r 5 x penh^dt's, and 0.5% Tri tori X-l Wfor lp minutes at 40°C. Following y .. . 
incubation, the m^ 100 (f x 1(X) ml)t 

'/:■:/■■" for 2 minutes art about 25°C.;^ "^^^^^ - ^- ,'. :•"./■• '-^'^y. 

The reaction was foHowed bv color deveibpment (Sheldon t'r al.; 1986/ Pi6c . NatL 
Acfad?Sci. 

IS ,w^ 

•,KCU:1;5 mM KH2FO4. 8.0 mM 
and 1 % dextran sulfate), followed by washes with 2 x I 00 ml of CDB-C O00 ^ 
citrate, pH 5.0) for 2 minutes at room temperature. Color was developed by replacing the 
CPB- C sol utiqri: wi th 1 00 rrd of CDB-D (1(W 
20 3,3\5 l 5 , *tctramethylbehzidine), adding 50 jjJ pf 3% H2P2» and allowing the color to 

. develop for 30 minutes; The beta-glqbin genotypes of the amplified PNA samples, were 
readily apparent from the filters, and good signal intensity was obtained even from the 0.5 
.:• • prnoi spot, ..V • • . : .-\ : v : 'V v ; U ■' v. : - V 



25 ; . ■ -U -i .y- Example 3 , . ■' Vv;^: ■ 

; : Djrgcj Aggaiy for gigklg-C?!) Anemia 
A second set of DNAs (as described in Example 2 above) was amplified with PC03 
arid BW19. BW19 has the sequence 5'C^ is covalently 

bound to a molecule of biotin at the 5- end. Twelve ^1 of each of these amplification 
30 products were denatured as described in Example 2, added to 4 ml of hybridization buffer 

(6.25X SSPE, 6.25X Dcnhardt'sV and 0.625% SDS), and incubated vyith the membrane- 
bound probe (the remaining four filters from Example. 2 above) ai 55°C for 1 5 minutes. 
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. y . The membranes were then washed with 2X SSPE, 0. i SDS (3 x 100 ml) for 3 minutes 
at room temperature, followed by a wash with 2X SSPE, 0.1% SDS Q x 100 ml) for 5 

The membranes were pooled together and equilibrated in 100 ml of CDB-A for 5 
: / minutes at about 25°G (CDB-A: 237 mM mCl, 2;7 rriM KCU 1 5 mM KH 2 P0 4t 8.0 mN 
; 5 ; Na 2 HPp47pH 7:4; ajid 5% Triton X- 100); The membranes were then placed in a heat- 
; sealablc bag with 10 ml of CDB-A and See-Quence™ SA-HRP Conjugate (Cctus 

Corporation; EmcryyUie, CA^) at 0.3 \ig/ml and gendy shaken for lOminutes at about ; 
: y- 25°C; Excess conjugate was removed by washing with CDB-A (3 x 100 ml for 3 minute* 
at 25°C), CDB-B ( 1 x 100 ml for 5 minutes at 25°C), and CDB-C (2 x 100 ml for 3 
- 10 jnSnwes. at 23°CX; The membranes then equilibrated in CDB-D (100 ml) for 5 minute 

at room temperatui^ 50 jil of 3% H262: The color was allowed 1 

develop for 30 minutes with gentle shaking, followed by washing under deionized water 
for 10 minutes; ;The four filters after color^ in Figm^ 4 r _The 

intensity and specificity of sTghals (detected by this method compare favorably to those 5 
15 obtained by sandwich hybridization. The faint signal, in GM2064 was due to beta-globin 

contaminarion in that DNA sample. ; 



gxamplg 4 
HLA DOalpha Genotvping 

20 Th6 DQaipha test is derived from-a PCR-based oligonucleotide typing system that 

partitions the polymorphic variants at the DQaipha locus into fbur DNA major types P 
denoted E)QAlVDQA2 f DQA3 three DQA4 subtypes, DQA4.1, DQA4.2; ahf 

DQA43 r 2^d thrtz DQA 1 subtypesi QQA j ♦ 1 • DQA1.2 v and DQA13 (see Higuchi aal., 
1988; HMME 2^:54 mitis 224: 163-166);: ■" " 

25 ? OUjr pUgonucleotides specific for t^ 

characterized the subtypes, and pne control oligonucleotide that hybridizes urall allelic 
DQaipha sequences were given 400 n't poly-dT tailsahd spotted onto 12 duplicate nylon 
filters; About 2 to 10 pmol of each probe were placed in each spot 

With regard to amount of probe spotted, however, one may wish to employ lowei 

30 amounts of RH54 and GH64, i.e., 0.035 pmol RH54 per spot is preferred. These probe 

arc positive control probes for a/nplifcarion and will hybridize to any DQaipha alleles und 
the conditions described. By reducing the amount of positive control probe on the 
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rncmbranc, one can make the positive control probe the least sensitive probe on the 
;jenm\j^t: : '^cn t if.in^fri^cni amplified DQalpha DNA is applied to- the membrane, one 
, : can recognize the problem, for the positive control probe will not react or will react only 
■": ; very weakly.' Otherwise, when insufficient sample DNA is applied to the membrane, one 
runs the risk of misreading a heterozygo"s type as a homozygous type, because som^^ 
5> probes hybridize less efficiently than others. i ~ 

After spotrihgi the membranes were irradiated at 40 mJ/cm 2 . The sequences of the 
hybridizing regions of the resulting immobilized probes arc shown below. 



Designation Sequence ''v ; V'J-.V;. . 

GH75 5'-CTCAGGCGACGGCCAGGCA or 
RH83 . 5'-GAGTTCAGCAAATTTGGAG 

RH71 . 5'-TTGCACAGACTTAGATTTG or V ; 

RH82 5'-TrCCACAGACTTAG ATTTG AC ^ 

GH67 5'-TTCCGCAGATTTAGAAG AT 
GH<56 :;■ 5-TGtrfGCCTG TTCTCAGAC 

GH88 5-eGTAGAACTCCTCATCTCC 

■; GH89 S'-GATGAGCAGTTCTACGTGG -T: 1 

GH77:V 5'-.GTGGAGAAGAAGGAGAC 

GH76 5'-GTCTCCTTCGTCTCCAG 

RH54 5'-CTACGTGGACCTGGAGAG- 
- GAAGGAGACTGCCTG or 

GH64 S'-TGGACCTGGAGAGG AAGGAGACTG 

HE01 5'-GATCGCTGTG ACAAAACAT 



. Although most of the probes are uniquely specific for one DQA type, two of the DQA1 
25 subtyping probes cross hybridize to several DNA types. GH89 hybridizes to a sequence 

corhmph to the '.DQA 1.2, •'.•1.3; and 4 types, and the probe GH76 detects all DQA types 
except DQA1:3. The GH76 probe is needed to distinguish DQA 1.2/1. 3 heterozygotes 
•':. irpm DQA 1.3/1.3 homozygptesV Further, the length and strand specificity of the probes 
• were adjusted so that their relative hybridization efficiencies and, stringency requirements 
30 . for ajleh'^ These eight probes produce a 

unique hybridization partem for each of the 21 possible DQA diploid combinations. 



DQA Type 

10 ■ '^■v'Vv •••-■••: '':•■' ■■■•''■:■• .'■•"■' 

. ' : A2 .;•.;'•; •■■•;. •, . '. 

A3 ■■: •■ 

15 .-. ; -'-./Al.K::: : '-'. 

A1.2, 1.3; 4 

. AL3 • 

not A1.3 r v 

■ ■ •• ■'•■' '•all-;..'.'. : : . '" ',•■■"...,- ' 
20 . . : -; ; : ,' : . . \ ';;.:--': 

• . ; A4.2, A.4.3, ^ 

not A4.1 -. .•:••; .' ; : - 
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TTie sequence variation that defines the DQalpha DNA types is lbcializcd within a 
relatively small hypervariable region of the second exon that can encompassed within a 
single 242 bp PCR amplification product (see Horn et al.; 1988. Proc. Natl. Acad . S^. 
USA ^:6012-6016): rTTic primers arc shown below. 
Primer RS 
V Primer RS I 35 is ^ 
Biotiriylated PCR pnmcTs were u amplify this 242 bp DQalpha sequence from several 
genomic DNA samples: six homozygous cell lines and six heterozygous individuals/ 

The biorinylatcd primers were synthesized as follows. Primajy amino groups were 
introduced at the 5* termini of the prim of the protocols set forth in Coull 

et al./l986;Tetrah^ - : 

15:31 3 1-3 1 39; Briefly, tetraethylene glycol was cony to the monb-phthalimidp 
derivative Jby reaction withphthal^ and 
diisopropyl azodicaj^xylate (see Mit$iinobu/ 1 , Synthesi^ /pp/ 1-2S>J The ir.ono- 
phthalimide was inverted to the coiTespon^^ 

phosphoramiditc as described in Sinha & jal., 1984, Nuc . Acids 1^^12:4539. The .• 
resulting phthalinrdo amidite was . added to 'he 5* ends of the oUgonucleotides during the 
final cycle of automated DNA synthesis using standard co During 
normal deprotcc don of the DNA (concentrated ^ five hours at 55 

degrees C), the phthalimido group was converted to a primary, amine which was 
subsequendy acylatcd with an appropriate biotin active esten LC-NHS-biotin (Pierce) was 
selected for its water solubijity and lack of steric hindrance; The biotinylation was 
performed on crude, deprotaited oligonucleotide and the mixture purified by a combination 
of gel filtration arid reversed-phase HPLG (see Levenson al- » 1 989, in PCR Protocols 
and A pplication s >• A Laboratory Manual , eds. I'nnis & at ;■ Academic; Press, NY). 

After hybridization of the amplified DNA to the membranes and color development, 
the DQalpha genotypes of these samples is readily apparent, as is shown in Figure 5. In 
Figure 5, the specificity of each immobilized probe is noted at the top of the filters and the 
DQA genotype of each sample is noted at thi right of the corresponding iFilter. 

The irrimobilized probes of the invention have so facilitated the method of DNA 
typing; at the HLA DQalpha kxzus that kits for typing will be important commercially. These 
khs can come in a variety of forms, out a preferred embodiment of the kit is 
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described in detail, below. This description is followed by a description of simplified 
typing protocols for use with the kit 

A preferred kit will contain one or more vials of prc-aliquoted, "steWiixd" (see 
below) DQalpha PCR amplification mixes, typically in concentrated (2X is preferred) form 
and pre-aliquoted in 50 \xl aliquots. Each 50 ^1 aliquot will contain: 5 \xrao\ KC1, 1 jimol 
T ris-HCl (pH = 8.3) r 250 pmol MgCl 2> 15 pmol of biotinylated RS134 T 15 pmol of 
bibtinylated RSi34 f 18.75 nmol each of dGTP, dATP, dTTP, dCTP, and from 2.5 units 
up to 50 units of recombinant Taq polymerase (PECI). The dNTPs will be prepared from 
; stock solutions at pH = 7. The sterilization protocol also introduces very .low levels of 
inactivated DNAse and NaCl; as noted below. } j 

The "sterilized" gents referred to above relate to the: need to avoid contamination 
of reagents with non-sample-derived nucleic acid, sequences. Because ■ PCR Is^ucH a : 
.powdful ^ contaminating molecules can lead to error. To avoid this 

contamination problem, the present invention provides a novel sterilization procedure. This 
procedure employs a DNA se, preferably bovine pancreas DN A se, to remove low levels of 
DNA contamination fr PCR reaction mix, "B^ause DNA primers are; j 

sensitive to this enzyme; the primers are omitted from the batch until the DNAse has been 
inactivated by thermal denaturatibh.; However,; if RNA primers ^ to be employed, in the : 
PCR mixture, the primers can be present during sterilization. In addition ; dcrivatized 
nucleotides can be used to make an oligonucleotide resistant to DNAse; for -in stance, thio- 
subs tinned nucleotides, such as phosphorothioates can be used to prepare oligonucleotides 
resistant to DNAse (see Sitzer arid Eckstein, 1988; Nuc . Acids Res . 1 6: 1 1.69 1 ). Those of 
skill in the art recognize that ah equivalent sterilization procedure utilizes a restriction 
enzyme that cleaves a sequence present in the amplification target; if any c»ritaminating 
; target is present, the restriction enzyme will cleave the contaminant; rcridei^g u unavailable 
for* amplification. "v.-.- 'Vy^':'-'-' v . ••• -h. " ■ 

In, the preferred sterilization procedure, ho\yever, 2.5 ml of 1 OX Taq buffer .(100 
mM Tris-HCl, pH = 8.3; 500.mM; KCI; and 25 mM MgC^) are autoclaved and added to 
0.19 ml of a solution that is 25 mM in each dNTP, 0.13 ml of Taq DN A polymerase at a 
concentration of 5 bVjxl, and 8.75 ml of glass distilled water. The mixing of these reagents 
can be conveniently carried put in a 50 ml polypropylene tube. Once the mixture is 
prepared, 650 U of DNAse I (Cooper Biomedicals; 2500 U/ml in 150 mM NaCl, stored 
frozen) arc added and the resulting solution incubated at 37 degrees C for 15 minutes. The 
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DNAse is inactivated by incubating the mixture at 93 degrees C for 10 minutes. Then, 
0.38 rial of each primer at 10 \xM is added.to the sterilized reagent, which is then aliquotcd, 
preferably with a "dedicated" pipettqr and in the protected confines of a iamiriar flow hood. 
; ■ : - :.-.;,:The kit can optionally contain the rcR reagents above, but must contain the 
immobilized probes of the invention, which can be prtpared as described above with a 
blotting and automated pipetting device. The solid support can be conveniently marked by 
^lk-screening. The ki t can also contain SA-HRP at a concentration of 20 Jig/itii HRP, 
which correlates to 250 nmol/ml S A . The SA-HRP is supplied in a buffer composed of 10 
mM ACES; 2 M NaCl, at a pH = 6.5: the kit can also contain a concentrated (5X to 20X) 
solution pf chromogen, such as leuco dye (as is marketed by Kodak in the Sure -Cell™ 
diagnostic kits) orTMB.:: v ^V;'''^;;-C ; "; / ■ ' ■ '. •/ ' 

The kit willalso be more successful if simple; easy-to-follow instructions are 
included; - Typical inst^ctions for a prefernid embodiment of the present detectibii method 
are as follows. About 2 (if hybridization is canied oiit in a sealed bag) to 3 (it 

. hybridization is carried but in; a trough) ml of hybridization solution (5X SSPE, 0.5% 
SDS, and, in some instzLjices, 1 % dextrah-sulf ate (M.W^ 500,000, al though other M.W. 

; forms would work) aids in color retention) are j»rc-warined to 55 degrees C prior to use. 
The sample DNA is ampUfi^ by PCR^ biotinylated 
product is heated to 95 degrees for 3 to 5 minutes to denature the DNA, penaturation can 
also be accomplished by adding 5 |il of 5 M NaOH to l OO jil of PGR product (final NaOH 
concentration is 250 mM). About 15 |il of SA-HRP stock (20 fxg/ml, stored at 4 degrees 
C and never frozen) are then added to; the 2 to 3 ml of hybridization solution; and then, 20 
|il of the still hot, denatured PGR product are added to the mixture, If alkali denaturatioh is 
.used, then one neejds to use more PGR 'product tp maintin the same level of sensitivity 
attained with heat denatu ration; Typically 25 to 50 fil of PCFL ^ product are used with 20 to 7 
40 jtl of the SA-HRP stock solution. Best results are obtained when the strepayidin and 
the biotin are in approximate molar equivalency, i.C; , about 300 ng of SA-HRP (measured- 
in HRP) are used for every 6 pmol pf biotinylated PCR product used for hybridization. ~ . 
The PGR product should always be added last and immediately after deriaturation. 

If the hybridization is carried out in a sealed bag, aU air bubbles should be removed 
prior to se^iiiig tnc ^g. If the hybridization is carried out in a trough, the entire trough 
should DC firmly covered with a glass piatc. Hybridization is carried out for 20 minutes at 
55 degrees C in a shaking water bath set at a moderate to high shaking speed, i.e., 50 to 
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200 rpnv The wash solution (2X SSPE, 0.1% SDS) is prc-warmed to 55 degrees during 
the hybridization step.. After hybridization, all filters arc placed in a bowl containing 200 to 
300 ml of pre- wanned wash solution and washed for 8 to 10 minutes in a shaking water 
. j " baih at 55 degrees C. > : v V: :./v /- . '-u - i C . ■ ' . . : 

Color development is accomplished at room temperature and usually in a shaking 
5 water bath as follows if the chromogen is TMiS. The filters arc rinsed iri 200 to 300 ml of 
C room temperature wash solution for 5 minutes; then transferred to. 200 to 300 ml of Buffer 
C (100 mM NaCitrate, pH = 5.0) and rinsed for 5 iiiinutes, then incubated for 5 minutes in 
■ ' 40 ml of Buffer C containing 2 ml of TMB (2 mg/ml in 1 00% ethariol and stored at 4 
degrees C), then transferred to a fresh dye solution (composed ^ 
lp ml of TMB) containing 4 nl of 30% hydrogen peioxide* and the color is allowed to develop 
for 5 to 15 minutes. The color developmcfftt is stopp^: by rinsing the filters twice with_ ■ 
water; the filters can be dried and stored if protected from light ; If the typing is weak (faint 
' dots), the procedure is repeated using 50 ji! of Lhe PGR' product and 40 jjJ of the SA-HRJP 
during the hybridization step^ If leucp dye is used iri place of TMB* i^.en one replaces the 
15 ; Buffer C rinse wth a rinse in 200 to 300 ml of IX PBS, after which the filters are placed in 
25 ml of a mixture of the dye and hydrogen /peroxide (the same formulation as in Kodak 
Sufe-CellTM kits).^The_developrnent rime is 5 to 10 minutes; color development is stopped 
by washing the filters twice in PBS. 

' ; • Example 5 ■ > ; /,■•'.„/: 

20 - Dc^npn pf P^a-thRlPssgnm'a MVwri<>ns / 

Although there are over 54 characterized mutations of ihc^beia-globin gene that can 
give rise to beta-thalassehiia; each ethnic /group in which this disease is prevalent has a 
: limited number of common mutations (see Kazazian & al., 1984. Nature' 3 1 0 : 152-154: 
Kazazian si al, 1984, EM^ 1-2:593-596; and Zhang 51 ah; 1988; Hum : Genet . 78:37- 
25 40). In Mediterranean populations, eight mutations arc responsible for over 90% of the 

bcta-thalasscmia alleles. v--. : _.- ; : 

Probes were. synthesized tha? arc specific for each of these eight mutations as well 
as their corresponding non^ 

terminal transferase and applied to membranes; Various amounts of each probe were 
30 applied to twelve duplicate nylon filters, imdiated at 40 mJ/cm^, hybridized with amplified 

bcta-globin sequences in genomic DNA samples, and color developed. The result is 
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RSI 87 (8) 

RSI 88 (8) 

RS87 (4) 
: RS89 (4) 



shown in Figure 6. In the figure; the bett-thalasseiriia; locus tfjat is detected by each 
immobilized jprpbe pair is written at the top of the filters. For each filter, thfc upper row 
contains the probes : ^at are specific for the normal sequence, and the lower row contains 
the probes specific for Uie rnutaht sequences; The beta-globin genotype of each sample is 
noted at the right of the corresponding filter. The hameV amount applied to the membrane 
(in pmols and noted pa^ ard sequence of each probe is shown 

''below.;/' ••••••;•.•> .>:.•"•-•; ■ v; -i,. • : ■ .'v..'. ■- /*•'■ :■ . ■ '. '. 

Sequence ■ '%<■•• ; './■ ' 

5^TAqACCAATA<^<^GAGAG " " ' 
S'-CrCTCTGCeTATTAQTCTA ' 
'■^rC&Ffg G ACC(^GA(^^CT i g " 

s'-agaacctgtaggtpcaagg > " 
5 •cttgataccaacctgcca 
5'-tgggcaggttggcatc.a!ag> 
5'tgggcag attggtatcaag 
5*-ccatagaetcaccctgaag : : 

5'-CTTCAGGATGAGTCrrATGG 
5'-QCAGAATGG 
S-GCAG^TGGfACCTGGATT 
5'-ACrCCTGAGGAGAAGfCTG 

s-gactcctgggagaAgtctg 

5-TGACTCCTGAGGAGGTCTG : 
because the beta-thaJassernia mutations are distributed throughout the beta-globin 
gene, biotinylated PGR primers that amplify the entire gene in a single 1780 bp amplified 
product were used. The primerVused for the amplification a^ below. 

\ RS151 is S^ATC^CTTAGACCTCACCGTG ; 
? RS152 is 5^GACCTCCCXCATTCCCTTTT 

This amplification product encompasses a] 1 known bcta-maJassernia mutations. Following 
hybridization and color development, the beta-globin genotypes could be determined by 
noting the pattern of hybridization, as shown in Figure 6. 

Unlike the DQaJpha typing system, two probes are needed to analyze each mutation 
one specific for the ncrrnal sequence 2iid one specific for the mutant sequence - to 
differentiate normal/mutant heterozygous carriers from mutant/mutant horripzygotes. A 



Allele Specificitv 
Normal Beia'-"0 
Mutant Beta 1 -' io 
Normal Beta39 

Mutant Beta39'; 
RSI 89 (6.33) formal Beta' -6 
RSI 90 (0.33) Mutant 3eta!;fe; 
RS191 (1) • '-Kjut^l Betar.^;^- 
Normal Beta?- » 
Mutant Beta2' 
Normal Beta2-745 
Mutant Bcta2-745 
Normal BetaM 
Mutant 3eta& 
Mutant Betas 



RS192(4) 
RS I 93 (4) 
RS201 (2) 
RS202 (2) 
RS196(4) 
RSI 97 (4) 
RS198 (4) 
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complicating factor in this analysis is caused by apparent secondary structure in various 
portions of the relatively long beta-giobin amplification product that interfercs.with probe 
hybridization. The relatively high stringency needed to minimize: this secondary structure 
requires the use of longer (19 nt hybridizing regions) probes to capturelhc amplified beta- 
glofcnn fragment; Because this constraint would not permit varying the length of the probes 



to compensate for different hybridization efficiencies* the balancing of signal intensities 
was accomplished by adjusting the amount of each oligonucleotide applied to the 

membrahei. . --y " '.- ■) 
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■ . WcQaim:: V; ; ^;v. ; . '. / yS;'}-- . 

1. As assay regent cohiprising an oUgon 
support, said probe comprising a hybridizing region that is a nucleotide sequence 
v complementary to a specific nuclebti^^ to be detected cpvalendy attached to a 

5 spacer arm which is longer than said hybridizing region , wherein said probe is immobilized 
on said solid support by a covalent bond between said solid support and said spacer arm, 
such that the hybridizing region of said probe can hybridize to said nucleotide sequence to 

: - 2. The assay reagent of Claim 1, wherein said spacer arm is a polynucleotide 
10 ■ tail, said solid support contains primary or secondary amines prior to attachment of said 

probe to said support; and said attachment is formed by ultraviolet light irradiation of said - 
probe on said support. • 

3- Thp 'reagent 0 f Claim 2/ wherein said prbbe is an 
15 cligodeoxyribonuclebtide. 

4. The assay reagent of Claim 3, wherein said tail contains from 200 to 800 
. nucleotides. ••' , 

5 ; The assay reagent of Claim 4, wherein said support comprises nylon. 

6. The assay reagent of Cla 4, wherein said uil comprises at least 150 
20 pyrimidine nucleotides. 

7. The assay reagent of Claim 6, wherein said pyrixnidine nucleotides are 
thymidine nucleotides. 

8 . ; The assay reagent of Claim 6, wherein said hybridizing region is a sequence 
of nucleotides from 17 to 23 nucleotides in length. 
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9 - The assay reagent of Claim 1 that comprises a set of probes immobilized on 
a solid support, wherein said set of probes comprises two or more members, each member 
of said set having a hybridization region cUfferent frpm every other member of said set, 
wherein each member is immobilized on said solid support at a discrete location separate 
; from .every o.therprpbc of said set. 

; 10. -f ; The assay reagent of Claim 9, wherein each probe of said set of probes is an 
obgodeoxyribohucleotide. - ..^ 

1 1 ' The a ,s sa y reagent of Claim 9, wherein one member probe of said set serves 



10 



I V - 1 2. :}.^z9S^x^j2,in\,of Claim 9, wherein said meienber probes of said set 
complementary to nuclejc acid sequcnefcs of mic^fganisriis., 

r : W 1 3. : • The assay reagent of Claim 9,. wherein saad member probes of said set 
complementa^. to variant alleles of a genetic locus. y'\-:V^;;V : V 



are 



are 



15 



1 4 * - ^ assay reagent of Claim 13, wherein said genetic locus is an HLA locus. 
1 5. The assay reagent of Claim 14, wherein said HLA locus is DQalpha. 

1 6 • The assay reagc ht of Claim 9. wherein said spacer arm is a polynucleotide 
tail, and said solid support contains primary or secondary amines prior to attachment of 
said probe to said support, and said attachment is formed by ultraviolet light irradiation of 
said probe on said support. •, v -v :y'--vV-'- ; 



20 



17. A method for preparing Uie assay reagent of Claim 2, which methed 
comprises: (a) conucring said probe with a solid support comprising amine groups; and 
(b) irradiating the support prepared in step (a) with ultraviolet light. 
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18. A method for detecting the presence of a nucleic acid sequence in a sample, 
which method comprises: (a) contacting said sample with the assay reagent of Claim 1 
under conditions that allow for hybridization of complementary nucleic arid sequences; and 
(b) determining if hy Wdization has occuired. 

5 19 v A kit comprising the assay reagent of Claim 1 and instructions for detecting 

specific nucleic acids with said reagent. 

. 20;: An ^say reagent 
attached to a solid support ; wherein said set of probes comprises two or more members, 
each n^l^ pf said ^t having different from every other member 

10 of said set v ;wh^ member is immobilized on said support it a discrete location 

separate from eveiy other pro / ; ■ • 

21 v ^ comprising a labeled polynucleotide 

hybrictiied to one of said probes, wherein said polynucleotide comprises at least 50 ; 

■nucleotides;./ 

15 2?. The reagent of Claim 20, also comprising a target sequence from a sample 

hybridized to an immobilized probe of said set and a colored or fluorescent compound 
immobilized on said support at the location of said hybridized probe. 
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